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Starch Source and Its Impact on 
Pharmaceutical Applications
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Abstract
Starch can be obtained from a variety of plant sources. The specific source of 
starch, the environmental conditions during starch maturation, and the age of the 
plant affect the physicochemical composition of the starch. This is because of the 
effect they have on critical factors especially the amylose amylopectin content of  
the starch as well as their relative quantities. These factors also affect the starch 
granule size and size distribution and the levels of minor components such as phos-
phates, lipids, and the nature of these interactions with amylose and amylopectin. 
In its wide use as a pharmaceutical excipient especially as binder and disintegrant, 
unmodified starch is affected in its functionality by the physicochemical properties 
of the starch. These factors especially by their influence on the swelling power and 
gelatinization as well as granule size and shape determine the properties of dosage 
forms in which the starches are used. This results in dosage forms that, although 
meeting compendial standards, differ in specific properties. The source of starches 
therefore affects the properties of pharmaceutical dosage forms. This should be 
taken into consideration in the choice of excipients in drug formulation and before 
the substitution of one starch for another in a formulation.
Keywords: starch, source, amylose, amylopectin, swelling, viscosity,  
pharmaceutical excipients
1. Introduction
In its native form, pure starch is a white, amorphous relatively tasteless powder 
which is odorless and is insoluble in water and other common organic solvents. It is 
one of the most widely distributed chemical substances in nature being the energy 
storage form of plant materials.
Microscopically, starch consists of colorless, highly refractive particles whose 
size and shape depend on various factors most important of which is the source of 
the starch. A starch granule involves alternating regions of amorphous and crystal-
line lamellae seen as rings which are essentially the crystalline portion.
Starch is chemically a carbohydrate composed of two similar carbohydrate 
molecules—amylose and amylopectin. Amylose is a straight chain α-1,4-glycosidic 
bonds, while amylopectin is a branched polymer also made of α-1,4-glycosodic 
with branched chain linked by α-1,6-glycosidic bonds. This conformational dif-
ference confers different properties on each of these polymers. For example the 
short branching of amylopectin at the α-1,6-glycosidic bonds is responsible for the 
crystalline region of the granules [1–3]. In the natural state, starch is approximately 
20–30% amylose and 70–80% amylopectin.
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Amylose which is rigid due to packing resulting from its straight chain is 
insoluble in water but soluble in hot water without gel formation. Amylopectin is, 
however, nonrigid in structure and soluble in water and forms a gel in hot water.
Starch which is largely synthesized in the amyloplast of the storage organs 
of plants and/or the chloroplast of plant leaves also contains traces of lipids and 
phosphate groups.
2. Pharmaceutical applications of starch
Starch is one of the most widely used pharmaceutical excipients because it is 
one of the few natural products that, with minimal processing, meet most of the 
requirements for excipients. It is nontoxic, odorless, inexpensive, widely available, 
and biocompatible.
In its native form, starch is used in the formulation of a number of dosage forms 
where its particular functions depend on the specific dosage form. This section 
discusses the most commonly utilized functions of starches as an excipient.
2.1 Binder
Starch is widely used as a binder in the wet granulation process of massing and 
screening which is an important step in the production of tablets, capsules, and 
other solid dosage forms. The granulation process is used to improve the flow of 
APIs which tend to be very cohesive. Flow is critical to the maintenance of dosage 
form weight consistency in high-speed manufacturing equipment, to avoid the dose 
variation that can result from irregular flow and powder segregation. In this process, 
starch is used as a liquid binder to create agglomerates with good flow properties. 
The paste produced on heating a suspension of starch is used to cause the “sticking 
together” of the particles in the formulation to create larger sized agglomerates that 
will reduce cohesiveness and encourage flow. This is achieved by the creation of 
bonding between particles in the powder bed which become solid bridges on drying. 
The more viscous the paste, the stronger the bridges formed, and the larger the size 
of the particles formed up to a limit [4]. It would therefore imply that any factors 
that affect the viscosity of the starch paste would affect the functionality of the 
starch as a binder. Studies have shown that the source and by implication the chemi-
cal composition and nature of starches influence their viscosity [5].
2.2 Disintegrant
A disintegrant is an excipient included in a pharmaceutical formulation to achieve 
the breakup of solid dosage forms such as tablets or granules into smaller discrete 
particles. Disintegration is a critical step in the process of drug release and absorp-
tion as it exposes a larger surface area for the drug to more easily and quickly go into 
solution. This accelerates the dissolution process, drug release, and absorption to 
achieve the desired therapeutic activity of the drug. Starch is a cheap and convenient 
disintegrant which is thought to exert this action as a result of the swelling properties 
of its particles in the presence of water leading to the disruption of the solid bridges 
and other binding forces in the dosage form. The extent of swelling is a function 
of the source or type of the starch which is reflective of the relative proportion and 
conformation of the amylose and amylopectin in the particular starch [6, 7]. Weak 
associative forces in a starch could be an indication of its potential as a disintegrant 
[1]. Disintegrant action could also be due to the formation of channels through which 
fluids are able to penetrate the solid dosage form allowing the dissolution of the drug.
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2.3 Diluent
Some drugs are used at very low doses thus making it very difficult to process 
them and eventually compress them into tablets and other required dosage forms. In 
such cases, inert materials that do not exert the pharmacological effect of the drug 
can be included in the formulation to bulk it up to allow for the normal formula-
tion processes. Because it is bland, odorless, and digestible, starch is used for this 
purpose.
2.4 Absorbents
Starch is hygroscopic and can absorb moisture up to 10–17% when equilibrated 
at normal atmospheric conditions [8]. It therefore finds use as an absorbent in drug 
formulations to keep powders dry and ensure the stability of drugs that are liable to 
deteriorate by hydrolysis and other similar chemical reactions.
2.5 Glidant/lubricant
Starches have been studied for use as lubricants and glidants [9] because of their 
slippery nature and ability to adhere to surfaces.
2.6 Modified starches
In its native form, the uses of starch are limited by its inability to withstand some 
processing conditions such as high temperatures, varying pH, freeze-thaw cycles, 
its tendency for retrogradation and decomposition, and brittleness.
When modified, starch becomes even more versatile in its pharmaceutical 
applications. For example, acetylation results in improved paste clarity and flow, as 
well as increased swelling capacity [10, 11], while with carboxylmethylation there 
is increased water solubility, lowered gelatinization temperature, and paste stability 
[12, 13]. An important factor in the modification processes and the specific proper-
ties of the modified products is the physicochemical characteristics of the particular 
starch used. Modifications could be physical using heat and moisture, gelatiniza-
tion, extrusion, spray drying, granulation, or agglomeration. Starch can also be 
modified chemically by the introduction of functional groups using derivatization 
techniques such as esterification, cationization, cross-linking, or hydrolysis and 
oxidation which are usually achieved by the replacement of all or some of the 
hydroxyl groups.
3. Starch source and its pharmaceutically relevant properties
Starch is one of the most widely distributed substances in nature and can there-
fore be obtained from several different plant sources. Starch for use as an excipient 
is one that meets the official compendial standards of quality in the relevant official 
books (pharmacopeias) and is generally referred to as official starch. Examples of 
such are potato, corn, rice, and tapioca starches. Pharmaceutical grade starch can 
be obtained from several plant sources but generally meet the standards shown in 
Table 1.
In addition to the compendial starches, several other plant sources have  
been investigated by various workers and reported as suitable sources of  
pharmaceutical grade starch in studies using the pharmacopeial starches as 
standards [9, 14, 15].
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These reports show that although starches from a variety of sources can be 
used as excipients, the specific effects (especially quantitative) on the formulation 
properties are dependent on the source. For example, the disintegrant effect of yam 
starch was higher than that of cocoyam starch. This is attributed to the difference 
in the fundamental properties of the starches such as particle size and the amylose/
amylopectin ratio which affect functional properties such as swelling, water sorp-
tion, and viscosity [16].
Pharmaceutical grade starches can come from either underground plant storage 
organs such as tubers, rhizomes, or roots or from grains and cereals. The choice of 
starch source is largely dependent on the availability, ease of extraction, and the 
yield. The underground storage organs tend to be more easily processed as they are 
less associated extraneous materials.
While the general physical and chemical properties of starches are the same, 
their specific functional properties are dependent on the particular plant source 
which determines their physicochemical properties. The biological origin of starch 
serves as a determining factor in the granule shape, size, and morphology [17]. 
This section will examine the effect that the specific plant sources have on some 
physicochemical properties of starch that are relevant to their use in pharmaceutical 
formulations.
3.1 Swelling and gelatinization properties
3.1.1 Gelatinization
The most common use of starch as a pharmaceutical excipient is as binder 
and disintegrant in the formulation of tablets and other solid dosage forms. Its 
behavior in the presence of water is therefore its most important property from the 
perspective of the pharmaceutical industry. While the disintegrant action of starch 
is substantially determined by the response of the starch particle to water uptake 
leading to a ballooning before the leakage of its contents and complete rupture, its 
use as a binder will depend on the cohesiveness resulting from the series of events 
that result in increased viscosity of the starch paste. The extent of changes induced 
Description Starch grains, size, shape and distribution, presence/absence of hilum, and striations 
depend on the plant material from which the starch is obtained
Characteristics Fine to very fine powder, white to slightly yellowish, tasteless, insoluble in cold water 
and alcohol
Identification A translucent whitish jelly is produced on cooling 1 g of the starch mixed with 2 ml of 
cold water, stirred into 15 ml of boiling water, and boiled gently for 2 min. A reddish 
violet to deep blue color is obtained on adding iodine to water slurry of the starch
Foreign matter Not more than traces of cell membranes and protoplasm should be present
Acidity Not >2.0 ml of 0.1 M NaOH should be required to change the color of 50 ml of a 
solution obtained from shaking suspension of 10 g starch in 100 ml ethanol (70% 
v/v), previously neutralized to 0.5 ml of phenolphthalein solution, for 1 h and filtered
Loss on drying ≤15% determined by drying1g in an oven at 100–105°C
Sulfated ash ≤0.6% determined on 1 g of starch
Microbial limits Total viable aerobic count <103 bacteria/g (determined by plate count)
Absence of E. coli
Table 1. 
Pharmacopoeial requirements of pharmaceutical grade starch [14].
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in the starch particle by heating depends on the temperature and duration [18] and 
has been reported to be greatly influenced by the starch species [1].
Gelatinization is the disruption of the granular structure of starch by heating 
with an excess of water. This is because as the suspension is heated gradually, the 
starch particles begin to swell tangentially [19], and particle content begins to leak 
with the leakage of amylose, until the eventual rupture of the granule which results 
in further increase in viscosity and solubility. Initially some amylose is retained in 
the interior cavity, but rupture and collapse and dissolution of the swollen granule 
occur during prolonged heating. This process results in a gradual increase in viscos-
ity of the suspension until the complete rupture of the starch granules until the 
peak viscosity is attained [20].
It essentially involves the weakening of the micellar network within the particle 
subjected to heat in a suspension by disrupting the hydrogen bonds which permits 
further hydration and irreversible starch particle swelling. This conversion has been 
related to various irreversible changes such as granule swelling, loss of birefringence, 
leaching of amylose, and increased viscosity and solubility and tangential swelling 
of the particle [19]. From a thermodynamic standpoint, gelatinization refers to the 
enthalpic transitions involving the starch granule treated as a semicrystalline entity 
(spherulite). Collapse of the crystalline structure leads to a gain in entropy. This 
tends to dislodge the hydrogen bonding network occurring in the spherulite.
The apparent viscosity of a starch paste is essentially the result of properties of 
the individual swollen entities, their fragments, presence of starch soluble, and the 
interaction or cohesiveness between swollen particles.
Gelatinization begins from portions of the granule where bonding is weak-
est, and so since the degree of association in individual particles differs and is 
influenced by factors such as plant source and some environmental conditions of 
growth, gelatinization temperature and pattern would differ from one starch source 
to another [14].
3.1.2 Retrogradation
Retrogradation is a slow recrystallization of starch components (amylose and 
amylopectin) upon cooling or dehydration [21]. It is as a result of the long molecu-
lar chains and the numerous hydroxyl groups present causing a great tendency for 
bonding between chains, thus producing bundles of amylase molecules which are 
rigid resulting in rigid gels and insoluble precipitates. The rate of retrogradation in 
a starch paste depends on the amount of amylose, the size of the amylose molecule, 
and the method of preparation of the paste [22, 23].
3.1.3 Factors that affect gelatinization/swelling properties
The strength of the starch granular structure would depend on the specific 
nature of the component molecules, their association, and spatial arrangement as 
well as their interaction with water molecules. Since the crystalline region of starch 
is largely composed of amylose, the exact amount will have a bearing on the gelati-
nization process. There is significant correlation between apparent amylose content 
and viscosity parameters such as peak viscosity (PV), minimum viscosity (MV), 
final viscosity (FV), breakdown (BD), total setback viscosity (TSV), and setback 
viscosity (SV) [24]. Phosphate monoester derivatives increase the paste viscosity; 
potato starch which contains a large amount of phosphate monoesters is more resis-
tant to heat and shearing than cereal starches, but hot paste stability is lost when 
potassium bound to phosphate monoester is displaced by other cations [25].
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Amylopectin is primarily responsible for granule swelling and viscosity [26], 
and starch pasting properties are affected by amylose and lipid contents [27, 28]. 
Increased gelatinization temperatures have been associated with higher levels of amy-
lopectin double helices resulting in enhanced rigidity of the amorphous region [29].
The lipids contained in starches in the form of phospholipids and free fatty acids 
[30] tend to form complexes with amylose and the long branches of amylopectin 
resulting in starch granules with limited solubility [28]. They result in opaque and 
low-viscosity pastes [31] significantly reducing the swelling capacity of starch 
particles [32]. The phosphorylation level, which appears to be confined to the amy-
lopectin fraction and is enriched in the amorphous regions, is lower in cereal than in 
tuber starches [33]. It is associated with increased granular hydration and lowered 
crystallinity, yielding pastes with higher transparency, viscosity, and freeze-thaw 
stability [34].
The swelling power of starch is associated more with granule structure and 
chemical composition especially amylose and lipid component than with granule 
size. Higher amounts of lipid-complexed amylose would inhibit swelling and 
gelatinization [26].
3.1.4 Moisture sorption
Moisture sorption by starch which leads to particle swelling has been attributed 
to the interaction between the hydroxyl groups of the hexose moiety and water 
molecules. Although water molecules form hydrogen bonds with both amylose and 
amylopectin, the amylopectin structure has been shown to physically trap water 
molecules. Based on this, it has been hypothesized that starch particles high in amy-
lopectin would have a higher moisture sorption potential. Crystalline polymers have 
been proposed to have extensive secondary intermolecular bonding. This secondary 
bonding causes the hydroxyl groups on adjacent glucose units to interact with each 
other and hence reduces the available sites for absorption of water molecules. As a 
result, the higher degree of crystallinity could reduce the moisture sorption [1].
3.1.5 Effect of growth conditions
The conditions of growth of starch-containing plants especially during starch 
maturation affect the content and gelatinization behavior of the starch [35]. 
Gelatinization peak temperature has been reported to be lower for barley cultivar 
grown at low temperatures [36].
Higher growing temperature and abundant moisture during the development 
of starch granules could cause annealing of starch and result in higher onset and 
narrower gelatinization temperatures of the starch [37]. The swelling properties of 
starch particles are significantly affected by the growing temperatures of the plant 
during its development.
3.2 Amylose/amylopectin content
Amylose/amylopectin ratio, molecular weight, and molecular fine structure 
influence the physicochemical properties of starch and are therefore major determi-
nants of its functional properties such as flow and swelling properties [38]. This is 
especially because of its swelling and pasting characteristics which have been earlier 
mentioned and are critical to the pharmaceutical uses of starch. Physicochemical 
properties of starch in solution are likely direct functions of the molecular con-
stitution of the polymer including the molecular size, unit chain length distribu-
tion, branching pattern, degree of phosphate substitution, and granule size and 
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distribution [39]. Thermal properties are largely influenced by the branch chain 
length of amylopectin [40, 41].
A number of factors including environmental and genetic [42] factors influence 
the amylose amylopectin content and their relative content in a particular starch.
It can occur within the range 65–85:15–20. This difference in composition has 
been reported to result in some of the peculiar physical and functional properties 
seen in some starches, such as a difference in crystallinity, starch granule size, 
gelling, pasting, and flow properties. The membranous structures and physical 
characteristics of plastids can affect the arrangement and association of the amylose 
and the amylopectin molecules within the granules [43] with amylose content 
increasing with granule maturity [44].
The effect of growth conditions on the gelatinization behavior of starches is 
essentially through their effects on their amylose content. For example, studies have 
shown that matured at 15 degrees had higher peak viscosity temperatures. FV, TSV, 
and shorter time maintained at greater than 80% of peak viscosity than starch from 
plants grown at ambient temperature in the field due to the difference in amylose 
content [35].
The elevation of growth temperature increases the gelatinization temperature of 
wheat starch due primarily to the enhanced presence of amylopectin double helices 
and probably enhanced rigidity of the amorphous region [29]. The effect of envi-
ronmental temperature on amylose content is dependent on the specific plant with 
the possibility of both increase and decrease.
The amylose content of rice and maize were reduced at elevated growth temper-
atures [38, 45], while with wheat the amylose content increased slightly as a func-
tion of temperature [29] indicating that the specific plant is also important. Further 
illustrating the effect of temperature on the amylose content, it was found to differ 
significantly in plants grown at 15° from those grown at 20° and that the longer rice 
plants were exposed to cool temperatures, the greater the accumulation of amylose 
[46]. Additionally, starch granule size is a factor in amylose content of a starch, with 
the level increasing with granule size [40, 41].
3.3 Starch granule size
Granule size influences the physicochemical characteristics of starch, and since 
starches from different botanical origins differ in morphology [47], it is one of the 
important physicochemical parameters that could affect the functional properties 
of different starches. Characteristics affected include starch composition, gelati-
nization and pasting properties, enzyme susceptibility, crystallinity, swelling, and 
solubility. The membranous structures and physical characteristics of plastids can 
impart a particular shape or morphology to the starch granules [43]. Granules of 
tuber and root starches, for example, are generally oval [17] while granules from 
fruits and nuts vary in shape. Granules of small granule starches are characterized 
by their very irregular, polygonal shape [43].
At similar amylose contents, small granule starches tend to have a lower past-
ing temperature and more amylose leakage out of the intact granule than do their 
larger granules at 55 degrees and above [48]; they (small granules) are associated 
with a higher rate of water absorption, earlier hydration, and more swelling than 
larger granules [49]. This is due to the less crystallized arrangement of the polysac-
charide chains in the smaller starch particles thus providing a higher proportion 
of amorphous zones which are more accessible to water. Other factors such as 
amylose/amylopectin ratio and molecular weight and molecular fine structure also 
contribute [47] with amylose content increasing with granule size [44]. The branch 
chain length of amylopectin is also correlated with granule size and granule size 
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distribution. Decreasing granule size has been associated with reduced degree of 
polymerization of amylopectin, and smaller less branched amylose polymers are 
seen in large size starch granules [49, 50].
However the dissociation enthalpy of the amylose-lipid complexes of small 
granules is higher than that of large granules [51, 52]. The pattern is similar for acid 
or enzyme hydrolysis with small granules hydrolyzing faster than do large granules 
[53, 54]. The pattern of enzyme digestion also differs between small and large 
granules [55].
Starch particle size distribution is affected by the environment with the eleva-
tion of growth temperature tending to decrease the number and size of starch 
granules [41].
4. Effect of source on the pharmaceutical applications of starch
Starches that have been investigated for their potential as pharmaceutical 
excipients differ in their granule morphology, amylose/amylopectin ratios, water 
sorption, swelling power, and gelatinization characteristics. A number of workers 
have found that the physicochemical properties of starches affect the pharmaceu-
tico-technical properties of the dosage forms produced using the various starches 
[9, 14, 15]. This is the case irrespective of the particular use to which the starch was 
put in the formulation.
While, in most cases, formulations containing novel starches meet the compen-
dial quality standards, they differed from those containing the official starches. 
These differences can be attributed to the differences in the physicochemical 
properties of the starches.
As earlier stated the pharmaceutical uses of starch, especially in drug formula-
tion, are largely based on its water sorption, swelling, and gelatinization properties. 
While these properties are generally applicable and qualitatively similar whatever 
the source of the starch, the previous section has shown that the specific or quanti-
tative values of these properties differ from one starch source to another and even 
among starches from the same source if growth conditions differ. A few cases are 
mentioned below to illustrate the effect of these differing properties on dosage form 
characteristics.
A comparative study indicated that cocoyam starch has a higher viscosity than 
yam and cassava starches, when used as binder resulted in more fragile tablets rela-
tive to the other starches as indicated by the high tablet friability values obtained for 
such tablets [16].
Tablets produced by dry granulation with yam (a large granule) starch as dis-
integrant were more friable than those formulated with cocoyam (a small granule) 
starch which also had the highest hardness. There was also an inverse relationship 
between the starch swelling power and the rate and extent of disintegration and 
dissolution of the tablets. This is an indication that one of the mechanisms of tablet 
disintegration by starches is by swell rupture [56].
Starch size and shape affect the compaction characteristics of granulations for 
tableting. Yam starch which is ovoid in shape with a high mean diameter has high 
densification as a result of die filling and less densification from subsequent rear-
rangement of particles at low pressures, while potato and cassava starches with smaller 
diameters and more rounded shape were the reverse. While yam starch had the highest 
yield pressure, it had the lowest tensile strength and brittle fracture index [57].
The gelatinization characteristics of Tacca starch as determined by onset, peak, 
and conclusion temperatures of gelatinization, crystallinity, and enthalpy of gelati-
nization were lower than for maize starch. This implies that it has more crystalline 
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regions that are thermally and structurally less stable than maize starch [1]. These 
differences in properties resulted in the starches having different compaction 
properties. While they both underwent plastic deformation, the deformation for 
maize was more extensive than for Tacca which was more resistant to deformation. 
Maize starch also produced harder compacts. There was a correlation between these 
formulation characteristics and the starch properties [58].
Other workers have reported similar co relationship between fundamental 
properties and formulation properties [59, 60].
The functionality of the modified starches used in modified drug formulations 
has also been reported to be dependent on the source of the native starch. Studies 
using starches obtained from diverse sources have shown that the source of a starch 
will affect its function as a sustained release excipient [61–63].
5. Conclusion
Starch is a widely available natural material. It is versatile and has found use in 
many industries due to its different physical and functional properties. A number 
of modifications or derivatives can be produced because of the presence of a high 
number of hydroxyl groups on the surface. In the pharmaceutical industry, it finds 
extensive use as an excipient especially as a disintegrant and binder in the formula-
tion of solid dosage forms. This use is dependent on its behavior in the presence of 
moisture, essentially the way it interacts and behaves in the presence of water.
Its use as a disintegrant is largely dependent on its insolubility which creates 
channels in the compact that allow for water to penetrate the compact to dissolve 
the active drug component. It also depends on the swelling of starch particles which 
results in the disruption of the solid bridges formed in the compact. The swelling 
behavior of any particular starch is dependent on a number of factors which are 
closely related to the exact chemical composition (amylose, amylopectin, lipids, 
and phosphates) of the starch. The relative quantities of the two carbohydrate 
moieties—the straight chained amylose and the branched chained amylopectin—is 
critical to the pattern and extent of interaction between starch and water since it 
determines the extent of interaction as well as the speed of interaction between 
water and the OH group on the chain. The conformation and the extent of branch-
ing of the molecules also determine the speed with which water can access and 
eventually disrupt the bonds within the molecule.
The use of starch as binder is dependent on its behavior when a suspension of 
starch powder is subjected to increased temperatures which cause the gradual weak-
ening of the intermolecular bonding in the starch granule. The continued supply of 
energy in the form of heat eventually results in the breakdown of the granules, the 
outflow of the amylose, and eventually the breakdown of amylopectin. All these 
processes result in increased viscosity. It is the viscous gel produced that provides 
the gluing property exploited for the binding of powder particles to obtain granules 
in drug formulation. On drying, the wet bridges formed dry into solid stable bridges 
that create the granules for improved flow. This process is also dependent on the 
amylose amylopectin ratio as well as the moisture content of the starch and the 
conditions during the production of the starch in the plants.
The relative quantities of amylose and amylopectin, the extent of branching, 
the conformation of the moieties, the presence of phospholipids, the interaction 
between the carbohydrates and lipid, the particle size, and the extent of phosphory-
lation, all of which are affected by environmental and genetic factors, influence 
starch fundamental (physicochemical) properties that relate to its functional 
properties as a pharmaceutical excipient.
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In general it can be concluded that although starches from different sources can 
be used as pharmaceutical excipients, as long as they meet compendial standards, 
consideration should always be given to the fact that their performance in formula-
tion is dependent on their source. Since they affect functional properties especially 
the key properties of swelling and pasting, it is necessary to collect as much infor-
mation on the growth conditions and physicochemical properties of starches to be 
used as pharmaceutical excipients to ensure batch-to-batch consistency in drug pro-
duction. These considerations are particularly important when considering chang-
ing from one type of starch to another as excipients and in formulary development.
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
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11
Starch Source and Its Impact on Pharmaceutical Applications
DOI: http://dx.doi.org/10.5772/intechopen.89811
References
[1] Manek RV, Kunle OO, Emeje MO, 
Builders P, Rama Rao GV, Lopez GP, 
et al. Physical, thermal and sorption 
profile of starch obtained from 
tacca leonpetaloides. Starch/Starke. 
2005;57:55-61
[2] Emeje M, Rodrigues A. Starch: From 
food to medicine. In: Valdez B, editor. 
Scientific, Health and Social Aspects of 
the Food Industry. Vol. 2012. Croatia, 
IntechOpen; 2012. pp. 355-380
[3] Cheetham NW, Tao L. Variation in 
crystalline type with amylases content 
in maize starch granules: An X-ray 
powder diffraction study. Carbohydrate 
Polymer. 1998;36(4):277-284
[4] Kunle OO, Bangudu AB. The effects 
of some starches on the properties 
of sulphadimidine tablets. Pharmacy 
World Journal. 1990;7(1):26-31
[5] Gunsel WC, Kanig JL. Tablets. 
In: Lachman I, Lieberman HA, 
Kanig JL, editors. Theory and Practice 
of Industrial Pharmacy. Philadelphia: 
Lea and Febiger; 1976. pp. 321-357
[6] Chan HT, Bhat R, 
Karim I. Physicochemical and 
functional properties of ozone-oxidized 
starch. Journal of Agricultural and Food 
Chemistry. 2009;57:5965-5970
[7] Kusumanyati H, Handayani NA, 
Santosa H. Swelling power and solubility 
of cassava and sweet potatoes flour. 
Procedia Environmental Sciences. 
2015;23:164-167
[8] Leach HW. Gelatinization of starch. 
In: Whistler RL, Paschall EF, editors. 
Starch: Chemistry and Technology. Vol. 
1. New York: Academic Press; 1965. p. 20
[9] Builders PF, Arhewoh MI. 
Pharmaceutical applications of native 
starch in conventional drug delivery. 
Starch-Starke. 2016;68(9/10):864-873
[10] Lawal O. Composition, 
physicochemical properties and 
retrogradation characteristics of 
native, oxidized, acetylated and acid 
thinned new cocoyam (Xanthosoma 
sagittifolium) starch. Food Chemistry. 
2004;87(2):205-218
[11] Betancur AD, Chel GL, 
Canizares HE. Acetylation 
and characterization of Canavalia 
ensiformis starch. Journal of 
Agricultural and Food Chemistry. 
1997;45(2):378-382
[12] Hofreiter BT. Miscellaneous 
modifications. In: Wurzburg O, editor. 
Modified Starch: Properties and Uses. 
Boco Raton, FL: CRC Press; 1987. 
pp. 177-196
[13] Rutenburg MW, Solarek D. Starch 
derivatives: Production and 
uses. In: Starch: Chemistry and 
Technology. 2nd ed. New York: Elsevier; 
1984. pp. 311-388
[14] Kunle OO. Review: Pharmaceutical 
grade starch and some of its potential 
sources in Nigeria. Journal of 
Phytomedicine and Therapeutics. 
2002;7(1&2):1-17
[15] Odeku AO. Potentials of tropical 
starches as pharmaceutical excipients; a 
review. Starch-Starke. 2013;65:89-106
[16] Kunle OO, Bangudu AB. The effects 
of some starches on the properties 
of sulphadimidine tablets. Pharmacy 
World Journal. 1990;7(1):26-31
[17] Hoover R. Composition, molecular 
structure, and physicochemical 
properties of tuber and root starches: 
A review. Carbohydrate Polymers. 
2001;45(3):253-267
[18] Greenwood CT. The thermal 
degradation of starch. Advances in 
Carbohydrate Chemistry. 1967;22:483
Chemical Properties of Starch
12
[19] Chabot JF, Hood LF, Allen JE. Effect 
of chemical modifications on the 
ultrastructure of corn, waxy, maize 
and tapioca starches. Cereal Chemistry. 
1976;53(1):85-91
[20] Hofstee J. Properties of different 
starches and its interpretation. Die 
Starke. 1953;5:836 cited through Chem. 
Abs, 48;964 of 53
[21] Sharmal K, Shinomi E, 
Bianco-Peled H. Small angle X-ray 
scattering of resistant starch type 
III. Biomacromolecules. 2003:209-218
[22] Whistler RL, Johnson C. Cereal 
chem. 25, 418 cited through Whistler 
RL Fraction of starch. In: Whistler RL, 
Paschall EF, editors. Starch: Chemistry 
and Technology. Vol. 1. New York: 
Academic Press; 1965 p. 345
[23] Lansky S, Kool M, Schoch TJ. J. 
Am. Chem. Soc. 71, 4066 cited through 
Starch: Chemistry and Technology.  
In: Whistler RL, Paschall EF, editors. 
Fundamental Aspects. Vol. 1. New York: 
Academic Press; 1965 p.332
[24] Zeng M, Morris CF, Batey IL, 
Wrigley CW. Sources of variation for 
starch gelatinization, pasting, and 
gelation properties in wheat. Cereal 
Chemistry. 1997;74:63-71
[25] Hofstee J, de Willigen AHA. Starch. 
In: Bair GWS, Nikuni J, Isemura T, 
editors. Foodstuffs, Their Plasticity, 
Fluidity and Consistency. Tokyo: 
Asakura Shoten; 1956. pp. 1-33
[26] Tester RF, Morrison WR. Swelling 
and gelatinization of cereal starches. 
I. Effects of amylopectin, amylase, and 
lipids. Cereal Chemistry. 1990;67:551-557
[27] Jane J, Chen YY, Lee LF, 
McPherson AE, Wong KS, Radosavljevic M, 
et al. Effects of amylopectin branch 
chain length and amylose content 
on the gelatinization and pasting 
properties of starch. Cereal Chemistry. 
1999;76:629-637
[28] Morrison WR, Tester RF, 
Snape CE, Law R, Gidley MJ. Swelling 
and gelatinization of cereal starches. 
IV. Some effects of lipid-complexed 
amylase and free amylase in waxy 
and normal barley starches. Cereal 
Chemistry. 1993;70:385-391
[29] Tester RF, Morrison WR, Ellis RH, 
Piggott JR, Batts GR, Wheeler TR, et al. 
Effects of elevated growth temperature 
and carbon dioxide levels on some 
physicochemical properties wheat 
starch. Journal of Cereal Science. 
1995;22:63-71
[30] Tester RF, Karkalas J, Qi X. Starch—
Composition, fine structure and 
architecture. Journal of Cereal Science. 
2004;39(2):151-165
[31] Craig SAS, Maningat CC, Seib PA, 
Hoseney RC. Starch paste clarity. Cereal 
Chemistry. 1989;66(3):173-182
[32] Alcazar-Alay SC, Meireles MAA. 
Physicochemical properties, 
modifications and applications of 
starches from different botanical 
sources. Journal of Food Science and 
Technology. 2015;35(2):215-236
[33] Stephen AM, Philip GO. In: 
Stephen AM, Philip GO, editors.  
Food polysaccharides and their 
applications. 2nd ed. Boca Raton: CRC 
Press; 2016
[34] Reis RL, Cunha AM. 
Characterization of two biodegradable 
polymers of potential application 
within the biomaterials field. Journal 
of Materials Science. Materials in 
Medicine. 1995;6(12):786-792
[35] Yanagisawa T, Kiribuchi-Otobe C, 
Fujita M. Increase in apparent amylase 
content and change in starch pasting 
properties at cool growth temperatures 
13
Starch Source and Its Impact on Pharmaceutical Applications
DOI: http://dx.doi.org/10.5772/intechopen.89811
in mutant wheat. Cereal Chemistry. 
2004;81(1):26-30
[36] Myllarinen P, Schulman AH, 
Salovaara H, Poutanen K. The effect of 
growth temperature on gelatinization 
properties of barley starch. Acta 
Agriculturae Scandinavica, Section B—
Soil & Plant Science. 1998;48:85-90
[37] Tester RF, Debon SJJ, 
Sommerville MD. Annealing of maize 
starch. Carbohydrate Polymers. 
2000;42:287-299
[38] Asaoka M, Okuno K, Sugimoto Y, 
Kawakami J, Fuwa H. Effect of 
environmental temperature during 
development of rice plants on some 
properties of endosperm starch. Starch. 
1984;36:189-193
[39] Blennow A, Bay-Smidt AM, Bauer R. 
Amylopectin aggregation as a function of 
starch phosphate content studied by size 
exclusion chromatography and on-line 
refractive index and light scattering. 
International Journal of Biological 
Macromolecules. 2001;28:409-420
[40] Lu T, Jane J, Keeling PL, 
Singletary GW. Maize starch fine 
structures affected by ear development 
temperature. Carbohydrate Research. 
1996;282:157-170
[41] Tester RF. Influence on growth 
conditions on barley starch properties. 
International Journal of Biological 
Macromolecules. 1997;21:37-45
[42] Umemoto T, Nakamura Y, 
Ishikura N. Activity of starch synthase 
and the amylose content in rice 
endosperm. Phytochemistry. 
1995;40:1613-1616
[43] Jane JL, Kasemsuwan T, 
Leas S, Robyt JF. Anthology of of 
starch granule morphology by scanning 
electron microscopy. Starch-Starke. 
1994;46:121-129
[44] Morrison WR, Gardan H. The 
amylose and lipid contents of 
starch granules in developing wheat 
endosperm. Journal of Cereal Science. 
1987;2:263-276
[45] Ferguson VL, Zuber MS. Influence 
of environment content on 
maize endosperm. Crop Science. 
1962;2:209-211
[46] Hirano HY, Sano Y. Enhancement 
of Wx gene expression and the 
accumulation of amylose in response 
to cool temperatures during seed 
development in rice. Plant & Cell 
Physiology. 1998;39:807-812
[47] Lindeboom N, Chang PR, 
Tyler RT. Analytical, biochemical and 
physicochemical aspects of starch 
granule size, with emphasis on small 
granule starches: A review. Starch-
Starke. 2004;56:89-99
[48] Zheng GH, Sosulski FW. Phys-
icochemical properties of small granule 
starches. In: AACC Annual Meeting; San 
Diego. 1997
[49] Tang H, Ando H, Watanaba K, 
Takeda Y, Mitsunaga T. Physicochemical 
properties and structure of large, 
medium and small granule starches 
in fraction of normal barley 
endosperm. Carbohydrate Research. 
2001;330:241-248
[50] Takeda Y, Takeda C, 
Mizukami H, Hanashiro I. Structures of 
large, medium and small starch granules 
of barley grain. Carbohydrate Polymers. 
1999;38:109-114
[51] Chiotelli E, Le Meste M. Effect 
of small and large wheat starch 
granules on thermo-mechanical 
behaviour of starch. Cereal Chemistry. 
2002;79:286-293
[52] Myllarinen P, Autio K, 
Schulman AH, Potanen K. Heat induced 
Chemical Properties of Starch
14
structural changes of small and large 
barley starch granules. Journal of the 
Institute of Brewing. 1998;104: 
343-349
[53] Kulp K. Characteristics of small 
granule starch of flour and wheat. 
Cereal Chemistry. 1973;50:666-679
[54] Vasnthan T, Bhatty RS. 
Physicochemical properties of small- 
and large-granule starches of waxy, 
regular, and high-amylose barley. Cereal 
Chemistry. 1996;73:199-207
[55] Elaisson AC. Carbohydrates in Food. 
New York: Marcel Dekker Inc.; 1996
[56] Kunle OO, Hezekiah SN. The 
effect of some starch properties on 
the disintegration and dissolution 
properties of salicylic acid tablets 
produced by dry granulation. Pharmacy 
World Journal. 1991;8(4):117-119
[57] Itiola OA. Compressional 
characteristics of 3 starches and 
the mechanical properties of 
tablets. Pharmacy World Journal. 
1991;8(3):91-94
[58] Kunle OO, Ibrahim YKE, 
Emeje MO, Shaba S, Kunle Y. 
Extraction, physicochemical and 
compaction characteristics of tacca 
starch—A potential pharmaceutical 
excipient. Starch-Starke. 
2003;55:319-325
[59] Ibezim EC, Ofoefule SI, Omeje EO, 
Onyinshi VI, Odoh UE. The role of 
ginger as binder in acetaminophen 
tablets. Journal of Scientific Research 
and Assay. 2008;3(2):46-50
[60] Ofoefule SI, Osuji AC, 
Okorie O. Effects of physical and 
chemical modifications on the 
disintegrant and dissolution properties 
of tacca involucrate starch. Bio-
Research. 2004;2(1):97-102
[61] Adebiyi AB, Omojola MO, 
Orishadipe AT, Afolayan MO, 
Olalekan D. Tacca starch citrate—A 
potential pharmaceutical excipient. 
Archives of Applied Science Research. 
2011;3(6):114-121
[62] Alebiowu G, Itiola OA. The effects 
of starches on mechanical properties 
of paracetamol tablet formulation 
I. Pregelatinization of starch binders. 
Acta Pharmaceutica (Zagreb, Croatia). 
2003;53:231-237
[63] Emeje M, Kalita R, 
Isimi C, Buragohain A, Kunle O, 
Ofoefule S. Synthesis, physicochemical 
characterization, and functional 
properties of an esterified starch from 
an underutilized source in Nigeria. 
African Journal of Food, Agriculture, 
Nutrition and Development. 2012; 
12(7):7001-7018
